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[57] ABSTRACT 
An efficient ESD protection circuit is provided having 
a resistor (18) disposed between an input pin (12) and 
the functioning circuitry (22) of an integrated circuit 
package. A primary switching device (28) is electrically 
connected between the input pin (12) and a reference 
voltage pin (14). The resistor (18) comprises an N- well 
(48) formed within the P- substrate (44) and an N+ 
diffused reion (50) formed within the N- well (48). A 
silicided layer (52) is formed over the N+ region (50). 
The primary switching device (28) is constructed to 
share the same PN junction (54) utilized by the resistor 
(18). In constructing the primary switching device (28), 
a P+ region (70) is formed within the N- well (48). 
Further, an N+ region (68) is formed within the P 
substrate (44). Thus, the primary switching device (40) 
includes three PN junctions (72, 54, 74) which will 
conduct at a time prior to, or contemporaneous with, 
the breakdown of resistor (18). 

12 Claims, 2 Drawing Sheets 
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EFFICIENT ESD INPUT PROTECTION SCHEME 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to integrated cir 
cuits, and more particularly to a method and apparatus 
for protecting integrated circuits from electrostatic 
discharge. 

BACKGROUND OF THE INVENTION 

Static electricity poses a severe threat to the delicate 
components within an integrated circuit (IC) package. 
On a dry day, 30,000 volts can jump a centimeter from 
a human body to an IC package being handled, thereby 
destroying the chip. As IC technology improves, more 
devices are installed on each chip. This means that a 
proportionately smaller voltage can damage the chip. 

Integrated circuits used today must meet both com 
mercial and military standards which specify a human 
body model electrostatic discharge (ESD) test. The 
model determines the amount of electrostatic discharge 
that an integrated circuit can absorb without damage. 
Since electrostatic discharge is imparted to the inte 
grated circuit during normal handling of a chip, and to 
the boards containing the integrated circuit chips, it is 
desirable that the integrated circuits are able to absorb 
as much electrostatic discharge as possible without 
causing damage thereto. 
A previously developed technique used to protect a 

circuit gate from ESD stress is to use a fast switching 
initial protection device near the circuit gate to clamp 
any ESD voltage. Typically, the initial protection de 
vice triggers quickly and begins to dissipate the ESD 
pulse. However, the pulse is often too large in ampli 
tude for the initial protection device to fully dissipate. 
Therefore, a “primary” switching device is often pro 
vided to share the surge placed across the initial protec 
tion device. Indeed, the primary switching device is 
typically selected so that it will bear most of the burden 
in dissipating the ESD pulse. However, this primary 
switching device will take longer to tire (i.e. to enable) 
than the initial protection device. Therefore, a resis 
tance is built between the two devices in order to main 
tain a voltage such that the primary switching device 
has time to trigger after a predetermined voltage is 
present across the resistor. ' 
The resistance between the initial protection device 

and the primary switching device is typically con 
structed by standard semiconductor fabrication pro 
cesses. As a result, one or more PN junctions are 
formed as a part of the resistor. The existence of these 
junctions gives rise to areas of potential voltage break 
down. If a PN junction of the resistor breaks down 
during an ESD operation, the resistor will leak current 
through the breakdown region. Since less current will 
?ow through the resistor, the voltage across the resistor 
will correspondingly decrease. If the voltage loss is 
severe, then the resistor may not maintain a large 
enough voltage to enable the primary switching device. 
This can force the initial protection device to absorb 
excessive energy and hence destroy it. Also, the voltage 
may cause breakdown of the circuit being protected. 
Thus, the breakdown of the resistor can cause the pro 
tection circuit to fail to properly operate. This may 
cause damage ‘E0 the initial protection device, and to the 
chip which was otherwise intended to be protected 
from an ESD pulse. 
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2 
Therefore, a need has arisen for a protection circuit 

which will better insure dissipation of an ESD pulse. 
More particularly, there is a need for a protection 
scheme which will insure that the primary switching 
device is enabled to thereby fully dissipate an ESD 
pulse. 

SUMMARY OF THE INVENTION 

The present invention disclosed and claimed herein 
describes a method and apparatus for discharging an 
electrostatic voltage present at the input package leads 
of an IC, and which substantially eliminates or reduces 
problems associated with prior protection circuits. 

In accordance with the present invention, a protec 
tion circuit is constructed for dissipating an ESD pulse 
at an input pin of an IC package.‘ A fast switching initial 
protection device operates to conduct an ESD pulse to 
a reference voltage node. A primary switching device is 
directly coupled between the input pin and the refer 
ence voltage node. A resistor is disposed between the 
primary switching device and the initial protection 
device The resistor is constructed such that its break 
down voltage is equal to or greater than the voltage 
necessary to enable the primary switching device. 
Therefore, the protection circuit provides the technical 
advantage of enabling the primary switching device 
prior to, or contemporaneous with, the breakdown of 
the resistor in all cases. 
The primary switching device is typically an SCR. 

The SCR istriggered by the breakdown of a PN junc 
tion included therein, such as the junction between the 
well and the substrate in a typical CMOS process. In the 
preferred embodiment of the present invention, the 
resistor is constructed to have the same PN junction for 
its isolation. The resistor is formed at the surface of the 
N—- well as is the P+ diffusion region of the SCR. This 
structure has the technical advantage of a relatively 
high breakdown voltage. By utilizing such a structure, 
the ?ring of the primary switching device is assured to 
occur before or simultaneous with the breakdown of the 
resistor. 

In a second embodiment of the present invention, the 
resistor and primary switching devices may be con 
structed separately. However, the two will both include 
an N- well disposed adjacent a P- substrate. There is 
therefore the technical advantage that both structures 
will have similar breakdown characteristics. As a result, 
proper timing is assured and the primary switching 
device will again enable prior to, or contemporaneous 
with, the breakdown of the resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and its advantages, reference is now made to 
the following descriptions, taken along with the accom 
panying drawings, in which: 
FIG. 1 illustrates a schematic view of a prior art 

circuit con?guration utilized to protect an IC from an 
ESD pulse at its input pin; 
FIG. 2 illustrates a cross-sectional elevational view of 

a prior art construction of a resistor used in ESD pro 
tection circuits; 
FIG. 3 illustrates a cross-sectional elevational view of 

the constructed layers of the present invention; and 
FIG. 4 illustrates a simpli?ed plan view of the protec 

tion circuit of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a schematic view of a typical prior 
art input ESD protection circuit 10. The circuit 10 is 
included in an IC package between each input pin 12 
and a reference voltage pin 14. The ESD test typically 
applied to an integrated circuit package is conducted 
across the input pin 12 and the pin 14. However, it is to 
be understood that an ESD protection circuit may be 
suitable as a protective device between other pins of the 
IC package. 

Input pin 12 is connected to a ?rst node 16 of protec 
tion circuit 10. A resistor 18 is connected between ?rst 
node 16 and second node 20 which is connected to the 
functioning circuitry 22 of the IC package. Resistor 18 
may comprise either an N+ region in a P— substrate or 
a P+ region in an N- well. For exemplary purposes, 
resistor 18 is shown as an N type resistor. Functioning 
circuitry 22 may comprise for example, logic gates, 
ampli?ers, memory, or other typical components placed 
on an IC chip. A fast-switching initial protection device 
24 is connected between second node 20 and third node 
26 of protection circuit 10. The third node 26 is con 
nected to the reference voltage pin 14. A primary 
switching device 28 is connected between ?rst node 16 
and third node 26 of protection circuit 10. 

If resistor 18 is N type, then due to the semiconductor 
fabrication of resistor 18, a parasitic diode (shown in 
phantom) is created between resistor 18 and third node 
26. The PN junction 30 included within the parasitic 
diode may go into avalanche breakdown at suf?ciently 
high voltages. Likewise, if resistor 18 is P type, a para 
sitic PNP transistor is formed which can go into break 
down. 

Initial protection device 24 typically comprises a ?eld 
plate diode. Primary switching device 28 typically com 
prises a thyristor. When an electrostatic discharge oc 
curs at input pin 12, initial protection device 24 is trig 
gered nearly instantaneously. However, the amplitude 
of the pulse involved may be larger'than initial protec 
tion device 24 can withstand alone. Therefore, primary 
switching device 28 is provided to further dissipate the 
electrostatic discharge. However, primary switching 
device 28 typically will not enable as quickly as initial 
protection device 24. 
Once initial protection device 24 is enabled, the elec 

trostatic discharge is connected to reference voltage pin 
14. All current ?owing through initial protection device 
24 must also ?ow through resistor 18. Resistor 18 is 
designed to create a voltage drop sufficient to cause 
primary switching device 28 to enable. Ideally, when an 
electrostatic discharge occurs at input pin 12, initial 
protection device 24 fires and begins to conduct cur 
rent. As current passes therethrough, a voltage is main 
tained across resistor 18 and, in combination with initial 
protection device 24, a voltage is maintained across 
primary switching device 28. Once a suf?cient amount 
of time has passed, primary switching device 28 will ?re 
and thereafter will dissipate a majority of the electro 
static pulse. Thus, initial protection device 24 initially 
absorbs the pulse, but is protected from having to dissi 
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4 
uct of the current passing therethrough multiplied by 
the magnitude of the resistance. However, because of 
the breakdown effects associated with the junction 30, 
part of the current is lost to third node 26. In other 
words, when junction 30 begins to break down, current 
will ?ow to third node 26. As a result, less current 
passes completely through resistor 18 which correlates 
to a lower voltage drop across resistor 18. Therefore, a 
problem exists where resistor 18 begins to break down 
before primary switching device 28 ?res. 
FIG. 2 illustrates a cross-sectional elevational view of 

a prior art resistor 18 used in the protection circuit 10 of 
FIG. 1. An N— well 32 is formed within a P — substrate 
33. A P+ diffusion region 34 is created in N- well 32. 
Insulating oxide regions 36 are formed at the ends of 
resistor 18. A silicided region‘ 38 is formed between 
oxide regions 36 and above P+ diffusion region 34. 
Contacts 39 and 40 permit electrical coupling of resistor 
18 between input pin 12 and the functioning circuitry 22 
as discussed above. 

Resistor 18 is a vertical PNP structure with its base 
(i.e. the N- well 32) ?oating. The ?oating base gives 
rise to a low breakdown voltage. As such, the ?ring of 
primary switching device 28 (shown in FIG. 1) cannot 
be assured because resistor 18 may break down before a 
suf?cient voltage has accumulated to enable primary 
switching device 28. 
FIG. 2a illustrates a cross-sectional elevational view 

of a second prior art resistor 18a. An N+ diffusion 
region 35 is formed within a P- substrate 33a. Insulat 
ing oxide regions 360 are formed .at opposing ends of 
resistor 18a. A silicided region 38a is formed between 
oxide regions 36a and above N+ diffusion region 35. 
Contacts 39a and 400 permit electrical coupling of resis 
tor 18a to other devices. 

Resistor 18a is a distributed PN junction diode. This 
distributed structure may have a breakdown voltage 
lower than the ?ring voltage of the primary switching 
device 28 (FIG. 1). Thus, the breakdown of the para 
sitic diode associated with resistor 18a makes it difficult 
to accurately and timely trigger primary switching 
device 28. 

It can thus be readily appreciated that there exists a 
need to construct a protection circuit which assures 
proper switching of the ESD pulse away from the func 
tioning circuitry of the IC package. Breakdown prob 
lems associated with prior art schemes should be elimi 
nated. 
FIG. 3 illustrates a cross-sectional elevational view of 

the present invention which solves many of the prob 
lems associated with the prior art device of FIGS. 1 and 
2. The devices depicted in FIG. 3 are constructed utiliz 
ing typical CMOS technology within a P+ substrate 
44. Insulating oxide regions 46 are formed to isolate the 
various components of the circuit. Resistor 18 is created 
by forming an N- well 48 within P- substrate 44. An 
N+ region 50 is formed within N- well 48. A silicided 
region 52 is disposed over the surface of N+ region 50 
and between insulating oxide regions 46. Typically, N-— 
well 48 may be doped as a l0l6/cm3 pro?le with a 
combination of arsenic and phosphorous. N+ region 50 
is typically doped with the arsenic/ phosphorous combi 
nation at approximately IOZO/cm3 concentration level. 
It will be understood however that other doping pro 
files and dopants may be utilized. The formation of N 
well 48 within P— substrate 44 creates an N—/P—— 
junction 54 therebetween. 



4,896,243 
5 

As noted, initial protection device 24 is commonly a 
?eld plate diode which is simply a transistor structure 
constructed within P- substrate 44. Two heavily 
doped N+ regions 56 and 57 are formed and spaced 
apart within P- substrate 44. A gate insulator 58 is 
formed over P- substrate 44. A gate 60 and corre 
sponding sidewalls 62 are formed over gate insulator 58. 
Gate 60 and one of the N+ regions 57 are electrically 
tied to reference voltage pin 14 by a metal contact 64. A 
metal contact 66 is used to couple both resistor 18 and 
initial protection device 24 to functioning circuitry 22 
(see FIG. 1) of the IC package. 
Primary switching device 28 is also formed within 

P—- substrate 44. An N+ region 68 is formed within 
P- substrate 44 and between insulating oxide regions 
46. A P+ region 70 is formed within N-— well 48 and 
between insulating oxide regions 46. Formation of pri 
mary switching device 28 therefore includes three PN 
junctions. A ?rst PN junction 72 exists between N re 
gion 68 formed within P- substrate 44. A second PN 
junction 54 is the same N- well/P- substrate junction 
included within resistor 18. A third PN junction 74 
arises from the formation of P+ region 70 within N 
well 48. A silicided layer 76 is formed between insulat 
ing oxide regions 46, and above P+ region 70 and N+ 
region 68. A metal contact 78 is used to connect pri 
mary switching device 28 to reference voltage pin 14. 
Metal contact 80 electrically couples both primary 
switching device 28 and resistor 18 to input pin 12. 
The con?guration of the present invention disclosed 

and claimed herein prevents premature breakdown of 
resistor 18 by creating like breakdown structures in 
both resistor 18 and primary switching device 28. The 
breakdown of second PN junction 54 serves to ensure 
?ring of primary switching device 28. 
When second PN junction 54 (i.e. the N- well/P 

substrate) breaks down, electron-hole pairs are gener 
ated. These electron-hole pairs trigger primary switch 
ing device 28 to its forward conducting state, which is 
a low-voltage, high current state. Upon this occurrence, 
the ESD pulse is discharged through primary switching 
device 28. 

It is to be understood that while a structure utilizing 
a common N- well/P- substrate junction is disclosed, 
these devices may be formed independently. Each will 
have its own individual junction of the same type, 
thereby insuring the simultaneous breakdown/enable 
ment characteristic. It should also be noted that resistor 
18 disclosed and claimed herein does not comprise a 
vertical PNP structure. As such, the prior problems 
associated with the ?oating base of such a structure are 
eliminated. 
FIG. 4 illustrates a simpli?ed plan view of the pre 

ferred embodiment of the present invention. Input pin 
12 overlies a metal contact 82. Metal contact 82 electri 
cally couples P+ region 70 of primary switching device 
28 with N+ region 50 of resistor 18. Both of these 
regions overlie N- well 48. Resistor 18 is further con 
nected to functioning circuitry 22 of the IC package. A 
reference voltage pin 14 is electrically connected by a 
metal contact 84 to N+ region 68 of primary switching 
device 28, gate 60 of initial protection device 24 and 
N+ region 57 of initial protection device 24. Resistor 
18 is fabricated of a length in accordance with the de 
sired resistance. Resistance thereof is typically on the 
order of 0.8 ohms/square. Thus, where a typical resis 
tance of 100 ohms is desired, the resistor 30 will be 125 
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6 
squares in length (125 squaresX0.8 ohms/square= 100 
ohms). 
Although the present invention has been described in 

detail, it should be understood that various changes, 
substitutions and alterations can be made herein without 
departing from the spirit and scope of the invention as 
de?ned by the appended claims. 
What is claimed is: 
1. A circuit for dissipating an electrostatic voltage at 

the pin of an integrated circuit formed on a semiconduc 
tor layer of a ?rst conductivity type, comprising: 

a resistor having a ?rst node connected to said pin 
and a second node connected to said integrated 
circuit such that the current is drawn therethrough 
in response to an electrostatic voltage at the pin, 
said resistor comprising a ?rst doped region of a 
second conductivity type; 

a ?rst switching device disposed between said ?rst 
node of said resistor and a reference voltage, said 
?rst switching device operable to conduct electric 
ity from the pin to said reference voltage respon 
sive to a voltage at a ?rst value across said ?rst 
switching device; 
second switching device disposed between said 
second node of said resistor and said reference 
voltage for drawing current through said resistor 
to said reference voltage in response to a voltage at 
the pin of the integrated circuit at a value less than 
said ?rst voltage value; and 

a second doped region of second conductivity type 
v disposed between said ?rst doped region and the 
semiconductor layer, said second doped region 
being less heavily doped than said ?rst doped re 
gion, the breakdown voltage between said second 
doped region and the semiconductor layer being 
equal to or greater than the ?rst voltage value. 

2. The circuit of claim 1 wherein said ?rst switching 
device comprises a thyristor. 

3. The circuit of claim 2 wherein said ?rst switching 
device comprises an SCR. 

4. The circuit of claim 2 wherein said circuit com 
prises: ' 

a ?rst diffused region of said ?rst conductivity type 
formed in said second doped region; and 

a second diffused region of said second conductivity 
type formed in a portion of the semiconductor 
layer proximate said second doped region such that 
current ?ows from said ?rst diffused region to said 
second diffused region responsive to said ?rst volt 
age value. 

5. The circuit of claim 1 wherein said second switch 
ing device comprises a ?eld plate diode. 

6. The circuit of claim 1 wherein said resistor further 
comprises a silicided region. 

7. A circuit for dissipating an electrostatic voltage at 
the pin of an integrated circuit formed on a semiconduc 
tor layer of a ?rst conductivity type, comprising: 

a ?rst switching device coupled to said pin operable 
to conduct electricity from the pin to a reference 
voltage, responsive to a voltage at a ?rst value 
across said switching device; 

a resistor comprising a heavily doped diffused region 
of a second conductivity type disposed between 
the ?rst switching device and the integrated circuit 
such that current is drawn therethrough in re 
sponse to an electrostatic voltage at the pin; 

a lightly doped region of said second conductivity 
type disposed between said heavily doped diffused 
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region and the semiconductor layer, such that the 
breakdown voltage between said lightly doped 
region and the semiconductor surface is equal to or 
greater than the ?rst predetermined voltage; and 
second switching device disposed between said 
resistor and said reference voltage for drawing 
current through said resistor to said reference volt 
age in response to the electrostatic voltage at the 
pin of the integrated circuit at a value less than said 
first voltage value. 

8. The circuit of claim 7 wherein said ?rst switching 
device comprises: 

a ?rst diffused region of said ?rst conductivity type 
formed in said lightly diffused region; and 

a second diffused region of said second conductivity 
type formed in a portion of said semiconductor 
layer proximate said lightly doped region such that 
current flows from said ?rst diffused region to said 
second diffused region responsive to said break 
down voltage. 
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9. The circuit of claim 7 wherein said resistor further 

comprises a silicided region. 
10. The circuit of claim 7 wherein said ?rst switching 

device comprises an SCR. 
11. An electrostatic discharge protection circuit con 

nected between an input pin of an integrated circuit 
package and the circuit element contained therein, com 
prising: 

a ?rst region of a ?rst conductivity type in a semicon 
ductor substrate of a second conductivity type; 

a second region of said ?rst conductivity type in said 
?rst region; and 

a thyristor disposed between a input pin of the inte 
grated circuit package and a reference voltage 
node, such that the ?ring voltage of said thyristor 
matches the breakdown voltage between said ?rst 
region and said semiconductor substrate. 

_ 12. The electrostatic discharge protection circuit of 
claim 11 wherein said ?rst region is lighter doped than 
said second region. 


